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The short-range order which remains when the isotropic to smectic-A transition is perturbed 
by a gel of silica nanoparticles (aerosils) has been studied using high-resolution synchrotron x-ray 
diffraction. The gels have been created in situ in decylcyanobiphenyl (10CB), which has a strongly 
first-order isotropic to smectic-A transition. The effects are determined by detailed analysis of the 
temperature and gel density dependence of the smectic structure factor. In previous studies of the 
continuous nematic to smectic-A transition in a variety of thermotropic liquid crystals the aerosil 
gel appeared to pin, at random, the phase of the smectic density modulation. For the isotropic 
to smectic-A transition the same gel perturbation yields different results. The smectic correlation 
length decreases more slowly with increasing random field variance in good quantitative agreement 
with the effect of a random pinning field at a transition from a uniform phase directly to a phase 
with one- dimensional translational order. We thus compare the influence of random fields on a 
freezing transition with and without an intervening orientationally ordered phase. 

PACS numbers: 64.70.Md,61.30.Eb,61.10.-i 



I. INTRODUCTION 

The formation of the smectic-A (SmA) phase is in- 
triguing because the resulting one-dimensional density 
modulation lacks true long-range order 0, Q • Much ef- 
fort has been devoted to experimental characterization 
and theoretical description of the SmA phase of ther- 
motropic liquid crystals 0, 3 . More recently, the effects 
of quenched random disorder on the nematic (N) - SmA 
transition have been studied. The interplay between the 
thermal fluctuations which disrupt the long-range order 
and static fluctuations due to quenched randomness is 
fascinating. Experimentally, quenched randomness can 
be introduced via a porous random environment such as 
aerogel. In order to probe weaker disorder the rigid aero- 
gel has been replaced by a hydrogen-bonded gel of aerosil 
particles. In both cases the N - SmA transition has been 
studied using calorimetryJR |(| , deuterium NMR 0, 
and x-ray diffraction 0, llPf . In addition, results have 
been presented for the isotropic (I) - SmA transition for a 
liquid crystal confined in an aerogel . Here we present 
a comprehensive x-ray diffraction study for an aerosil gel. 

For many liquid crystals the SmA phase forms from the 
orientationally ordered N phase. There is coupling be- 
tween the order parameters and fluctuations of the two 
phases. As the SmA phase becomes more favorable at 
higher temperatures, due to changes in the molecule or 
mixture composition, the N-SmA transition occurs while 
the N order parameter is less and less saturated. The 
transition into the SmA phase enhances the N order. 
This coupling between order parameters leads to a tri- 
critical point in the phase diagram |12| . As the stability 



of the SmA phase is further enhanced a triple point oc- 
curs in the phase diagram and the N phase ceases to 
be stable. Beyond this point, orientational order occurs 
along with positional order in the SmA structure. The 
pretransitional fluctuations of the SmA order in the I 
phase occur over a sphere of ordering wave vectors corre- 
sponding to the layer spacing. The transition is thought 
to be first order due to the contribution of these fluctu- 
ations as described by Brazovskii 0, 0] . The observa- 
tion that the I-SmA transition is strongly first order for 
10CB 0, 0| may well be due to the de Gennes cou- 
pling between smectic and nematic order parameters in 
the isotropic phase |l7j . 

The cyanobiphenyls are a well-studied family of ther- 
motropic liquid crystals 0] . These molecules have a flex- 
ible aliphatic tail the length of which influences the stabil- 
ity of the SmA phase. Both decylcyanobiphenyl (10CB) 
and dodecylcyanobiphenyl (12CB) exhibit transitions di- 
rectly from the I phase to the SmA phase. Since, in estab- 
lishing the SmA order, both orientational and positional 
order must be developed, one might expect this transi- 
tion to be especially strongly perturbed by quenched ran- 
dom disorder. Thixotropic (hydrogen bonded) gels can 
be created by dispersing fine, hydrophilic aerosil particles 
in the liquid crystal. These silica nanoparticles hydro- 
gen bond together creating a flexible structure which can 
substantially perturb the interpenetrating liquid crystal 
material. The pore volume fractions range from 0.77 to 
0.99. 

Previous studies of the N-SmA transition in liquid 
crystal-aerosil gels have implied that the main effect 
of the aerosils is to pin the phase of the SmA density 
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wave EH EH- Specifically, both the size of the SmA 
domains and the detailed wave vector dependence of the 
x-ray structure factor have been in quantitative agree- 
ment with the predictions of a random pinning field 
model. In this paper we are reporting the results of a 
study of the random field model at a first-order tran- 
sition. As first articulated by Imry and Ma, the sim- 
plest understanding of the effects of random fields comes 
from considering a balance between the benefit of align- 
ing with the local random field and the cost of form- 
ing a domain wall |2l|. This model predicts differing 
responses for transitions which break discrete and con- 
tinuous symmetries. The situation becomes more com- 
plicated for first-order transitions due to the possibility 
of two-phase coexistence [22| • Domain walls can exist be- 
tween ordered and disordered regions as well as between 
ordered domains. A guide to the likelihood of two- phase 
coexistence is whether the disorder causes a substantial 
suppression of the phase transition temperature. Should 
it do so, it is likely that large variations of transition tem- 
peratures will occur locally giving two-phase coexistence 
so that the sharp transition will then be smeared out. 
Two-phase coexistence will alter the penalty for forming 
domain walls. Substantial two-phase coexistence results 
in sharp boundaries between ordered and disordered re- 
gions. This has similarities to a transition which breaks a 
discrete symmetry with random fields. One might spec- 
ulate that long-range order could be observed for suffi- 
ciently weak disorder in d = 3. Without significant two- 
phase coexistence the domain walls will be broad and the 
response should correspond to expectations for a transi- 
tion which breaks a continuous symmetry in the presence 
of random fields. 

In reference ^lj a silica aerogel is used to impose 
quenched disorder on 10CB, and similar previous stud- 
ies of the liquid crystal 650BC are also discussed. Both 
of these materials exhibit transitions directly from the I 
to the SmA phase. The correlation lengths are observed 
to increase discontinuously at the transition temperature 
and to saturate quickly. Meanwhile, the scattering in- 
tensity increases only slowly with decreasing tempera- 
ture. The transition is observed to remain first order 
under this strong confinement and this is confirmed via 
optical microscopy of the coexisting phases. It is surpris- 
ing that the correlation length remains almost constant 
as the SmA order goes from the two phase coexistence 
region to the uniform phase region. The transition tem- 
perature is found to remain roughly unchanged. 

Here we show that the liquid crystal-aerosil gel also 
retains only short-range SmA order deep into the SmA 
phase temperature region. In common with previous 
studies, a range of gel densities have been prepared and 
characterized using high-resolution x-ray diffraction. The 
results demonstrate that our quantitative understand- 
ing of the N-SmA transition naturally extends to this 
new class of transition. In Sec. [H] we outline preliminary 
details including the differences for x-ray diffraction be- 
tween the I-SmA transition and the N-SmA transition 



and the experimental techniques employed. Section IIIII 
gives the results and analysis. The quantitative compari- 
son between these results and existing theoretical models 
is discussed in Sec. II VI and conclusions are drawn. 



II. PRELIMINARY DETAILS 

A. X-ray Structure Factor 

The x-ray scattering line shape approaching the N- 
SmA transition |2^| and deep within the SmA phase |24| 
have been characterized in great detail. In the former 
case the data for a wide range of liquid crystalline ma- 
terials have been found to be described by the structure 
factor 
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where qo = 2n/d is the wave vector where the SmA peak 
occurs corresponding to a layer spacing d. The correla- 
tion length and wave vector components q\\(q±) 
are parallel (perpendicular) to the nematic director. The 
susceptibility is ao, while c ranges between 0.25 and 
and gives the scale of the fourth-order correction. The 
second-order q± contribution to the line shape arises due 
to the influence of nematic fluctuations on the formation 
of the SmA state [25|. Far below the N-SmA transition 
these fluctuations are constrained to be perpendicular 
to the smectic layers. In the case of finite correlation 
lengths, £ii and the structure factor then can be writ- 
ten approximately as 
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In the case of infinite correlation lengths, the structure 
factor has been described by Caille |2g and varies with 
(<Z|| — qo)~ 2+11 and o7 4+2r ' respectively ij] depends on the 
elastic constants) [24). 

Experimental determination of these structure factors 
for pure liquid crystals was carried out in an applied 
magnetic field. In the N phase all regions of the sam- 
ple become aligned allowing detailed characterization of 
the pretransitional smectic fluctuations or the algebraic 
decay within the SmA state. Equivalent studies are not 
possible for the I-SmA transition since there is no possi- 
bility of magnetic field alignment in the N state. Hence, 
only very preliminary studies have been made of the line 
shape for I2CB j^]. In what follows, we analyze our 
results assuming that the SmA fluctuations are either 
similar to those in nonylcyanobiphenyl (9CB) as given 
by Eq.Q) or that the scattering is described by Eq.|J2J. 
At the I-SmA transition the orientational order is caused 
by the formation of the SmA state. As a result, we an- 
ticipate that the nematic director will be constrained to 
lie perpendicular to the smectic layers. By this argu- 
ment Eq. appears to be a good approximation to the 
structure factor. 
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FIG. 1: Measurements and analysis of pretransitional smectic 
fluctuations in bulk 10CB. Panel (a) shows a typical scan of 
the scattering intensity versus wave- vector transfer. The solid 
line is the result of a fit with Eq.Q. Panels (b, c, d) show 
susceptibility, parallel correlation length, and peak position 
resulting from fits to the data. The open symbol is in the 
region of coexistence of isotropic and smectic phases. 



B. Experimental Techniques 

The 10CB was synthesized at Kent State University. 
Type-300 aerosil was supplied by Degussa [28| and was 
dried prior to use. The amount of aerosil in each sample 
was quantified by the parameter ps, the mass of aerosil 
divided by the volume of liquid crystal. X-ray diffrac- 
tion experiments were carried out at the National Syn- 
chrotron Light Source at Brookhaven National Labora- 
tory. The beam lines used were X20A, X20C and X22A. 
Liquid crystal samples containing dispersed aerosils were 
in the solid phase following long periods at room tem- 
perature and so prior to study were remixed with pure 
ethanol, sonicated and then dried for several days on a 
hot plate. The gel samples were plac ed in 5-mm radius 
disks which have kapton windows j29j . The kapton x-ray 
diffraction signal has a powder peak outside the range 
of interest for these experiments. Temperature control is 
via a PI controller to within ±0.05 K. Each sample was 
kept in the I phase at a temperature around 30 K above 
the I-SmA transition for 6 hours after being transferred 
to the holder. The number of scans for each sample was 
kept limited to avoid undue x-ray damage. 



III. RESULTS AND ANALYSIS 

Figure ^ presents our measurements and analysis of 
the pretransitional fluctuations in the isotropic phase of 
10CB. Pretransitional smectic fluctuations are extremely 
weak in the pure material and were never evident in the 
gel samples. Figure ^a) shows a typical scan; the peak 
is very broad and the solid line is the result of a fit to 



Eq.Q varying oo, QOi and £|| and using the known 9CB 
characteristics for £j_ (£|| ) and c(£ || ) . The parameters from 
such fits are displayed in panels b,c,d of Fig. There is 
no indication that the susceptibility, ctq, or the parallel 
correlation length, £|| are about to diverge. The weak- 
ness of the fluctuations immediately prior to the transi- 
tion strongly suggest that this is not a typical fluctua- 
tion driven first-order transition. The observed behavior 
is likely due to the de Gennes coupling between nematic 
and smectic order parameters. 

The lOCB-aerosil sample compositions studied arc 
listed in Table [I] Measurements were made from a tem- 
perature (T ~ 350 K) well above the I-SmA transi- 
tion (Tja — 324.5 K). However, the SmA line shape for 
lOCB-aerosil samples only appeared at a pseudotransi- 
tion temperature with a substantial correlation length al- 
ready established. Typical scans are presented in Fig. [21 
The peaks are all broader than the instrumental resolu- 
tion. The width increases with increasing gel density but 
varies little with temperature. Data were taken down to 
T = 298 K, which is well below the bulk material crys- 
tallization temperature 30] (Tk = 317.1 K). The lines in 
Fig. [21 corresponds to a model that will be described be- 
low. Two samples, ps — 0.025 and 0.282, were measured 
on beam-line X22A where slightly higher instrumental 
resolution could be achieved. Typically, the peak posi- 
tion in the SmA phase was qo = 0.1776 A -1 , rising just 
below the transition and dropping slightly at lower tem- 
peratures. 

For previous x-ray studies of the N-SmA transition in 
aerosil gels, the line shape was taken to be composed of 
two contributions E3, IS |H [13 • The first part is the 
thermal term, Eq.Q, which is identical to that of the 
pure material, while the second part is the random-field 
term, which has the form of the thermal term squared. 
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FIG. 2: Normalized x-ray scattering intensity versus wave- 
vector transfer for lOCB-aerosil gels due to short-range SmA 
order at a temperature ~ 20 K below the effective Tj A value. 
The lines are the results of fits with a model described in the 
text. 
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The total structure factor is 

S(q)= a 1 5 T (q)+5^(q) (3) 
S RF (d)= a 2 (^i)[^(q)] 2 

where S T (q) corresponds to Eq.Q for the N-SmA transi- 
tion with the numerator set equal to 1 and the denomina- 
tor of S RF (q) is the square of the denominator of 5 T (q). 
<j\ and a,2 are the amplitudes for the thermal and random- 
field terms respectively. Since the samples are comprised 
of a random arrangement of ordered domains this struc- 
ture factor has to be averaged over all orientations. Prior 
to comparing the model with the data this spherically av- 
eraged line shape must be convoluted with the measured 
instrumental resolution function. Both the integral over 
orientations and the convolution were performed numer- 
ically using commercially available routines. 

Figure [3] shows the results of fits to a typical profile. 
The dotted and solid lines result from applying Eq.© 
to the lOCB-aerosil data u sing the form of Eq.0J for 
5 T (q). Here, as elsewhere [nf |M El E| , we take 6 
as a parameter to be fitted and we assume that £ i (£ji ) 
and c(£||) remain the same as for the pure material |32j . 
The behavior of £|| , £j_ and c for 10CB are not known. 
The dotted and the solid line in Fig. assume that 8CB 
behavior and 9CB behavior for £l(£m) and c(£y) are fol- 
lowed respectively [3j|. It is evident that either fit gives 
a reasonable description of the data, with the use of 9CB 
parameters yielding a somewhat better fit. This model 
using the 9CB relationships for £x(£||) and c(£ii) 
has been used to analyze all of the lOCB-aerosil 
results. The fit parameters are qo, <j\, a 2 , and £||, whose 
optimum values are determined using a least-squares fit- 
ting procedure. The dashed line in Fig. [3] shows the re- 
sult of a fit with Eq.@ to the lOCB-aerosil data using 
the form of Eq.(J2Jl for S T (q). Again ) is assumed to 
remain the same as in bulk 9CB; however in this case the 



transverse tails of the peak are assumed to have changed. 
This model also gives a good correspondence to the data. 
Use of a model based on Eq.Q for the form of S T (q) 
systematically modifies the fit parameters compared to 
those presented here. There is a small shift in favor of 
the thermal term and the correlation length decreases. 
The latter feature is returned to in more detail below. 

The variation of the two components of the line shape, 
with temperature and ps is shown in Fig. 01 Panels 
Fig. 0Ja & b) are for high temperature and Fig. ^Jc & 
d) are for low temperature. While Fig. a & c) are for 
low ps and Fig. 0fb & d) are for high ps- The second 
term in Eq.JSJ) dominates the scattering for all tempera- 
tures studied (dashed line). The full model Eq.Q using 
Eq.Q for S T (q) is the solid line. The peak width varies 
little with temperature but is seen to be broader than 
the instrumental resolution (Fig.0J. 

Figures Eland El show parameters determined by the fit 
procedure versus temperature while Figs. and |H1 show 
parameters versus ps- In the latter case, the results are 
compared to those from other liquid crystal-aerosil gels 
at temperatures below the N-SmA transition. 

The behavior of the parallel correlation length, £|| , as a 
function of temperature is shown for a selection of sam- 
ples in Fig. (solid symbols). The fact that these are 
all finite shows that the quasi long-range SmA state has 
been destroyed by the gel. The pseudotransition to short- 
range smectic order remains sharp and the correlation 
length jumps directly to its low temperature value with 
no pretransitional fluctuations. This behavior strongly 
suggests that the transition remains first order in the gels. 
As the gel density is increased the correlation length sys- 
tematically decreases. The open symbols in Fig. show 
the values for £|| determined using Eq.© with Eq.© for 
S T (q). The systematic decrease in £|| results from the 
narrower transverse profile of Eq.© for a particular £j_ 
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FIG. 3: X-ray scattering intensity due to SmA correlations. 
The three lines represent three different models where the as- 
sumptions have been changed. The models and the assump- 
tions are described in the text. 
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FIG. 4: The variation in the random field contribution 
(dashed line) to the x-ray scattering intensity (open circles) 
with temperature and ps- The experimental resolution cor- 
responding to each scan is shown as dots joined by a solid 
line. 
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TABLE I: Parameters for bulk 10CB and eight gel samples. Shown are the density, ps, the mass of aerosil per unit volume of 
liquid crystal; the pore volume fraction $; the low temperature parallel correlation length £m; the low-temperature ratio of the 
random-field amplitude a 2 to the thermal amplitude o\\ the pseudotransition temperature T* A , and the exponent x describing 
the temperature dependence of 02- 
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value. Since the shifts are approximately equal on a loga- 
rithmic scale this result does not modify any of the power 
law relationships discussed in Sec. IIVI 

The corresponding temperature dependence of the am- 
plitude of the random-field term, a-i, is shown in Fig. 
for three samples. The temperature dependence is consis- 
tent with the random field fluctuations increasingly dom- 
inating the scattering at low temperatures. In Sec. II VI we 
will discuss the difference between the behaviors of 02 (T) 
and £,\\(T). In contrast to the correlation length behav- 
ior, the growth of this amplitude parameter becomes in- 
creasingly more gradual as Asincreases. As with N-SmA 
transitions in aerosil gels [29j, i2(T) can be compared 
to an order parameter squared for the pseudotransition. 
The lines in Fig. are the results of fits with the form 
0-2 ~ (Tja — T) x . We emphasize that this form, which is 



normally used at a second-order transition with x = 2(3, 
is used here to provide a strictly phenomenological de- 
scription of the data. The inset in Fig. H3 shows the x 
values, and both they and the resulting pseudotransition 
temperatures, Tf A , are presented in Table HJ Although 
there is substantial scatter, the x values indicate that a 2 
is growing more gradually with increasing ,05. 

Figure [7\ shows a log-log plot of the variation of the 
smectic domain size with the gel density, ps- The smec- 
tic domain size is quantified by an isotropic correlation 
length £ = (Cn^l) 1 ^ 3 and the low-temperature average of 
this quantity is shown. The line through the lOCB-aerosil 
data corresponds to £ ~ pc ■ Also plotted in Fig.[7|are 
f results for 8CB-aerosil [2j and 80CB-aerosil [U sam- 
ples, for which £ ~ p^ 1 . This contrast will be discussed 
in Sec.lIVl 
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FIG. 5: The parallel correlation length, £|| , for smectic or- 
der as a function of the temperature for four lOCB-aerosil 
samples. These values denoted by solid symbols are deter- 
mined using Eq.JTJ for S T (q) in Eq.© while the four open 
symbols correspond to substituting for 5* T (q) given by Eq.© 
into Eq.@. 
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Figure [HJ is a log-log plot of a 2 / o\ versus the disor- 
der strength as represented by ps- This ratio gives the 
strength of the random-field contribution to the scatter- 
ing and is independent of x-ray intensity normalization. 
Equivalent values are plotted for 8CB-aerosil [lfj and 
80CB-aerosil |2fJ samples. While the scatter is rather 
large, the results are consistent with power law behavior 
with a%l<j\ ~ p s for N-SmA and 02/171 ~ p 3 J 2 for the 
I-SmA. The low temperature values of aif <j\ and £y are 
included in Tabled These are the mean values below 315 
K. 



IV. DISCUSSION AND CONCLUSIONS 

Our results show that an aerosil gel reduces the SmA 
state to short-range order with random-field character- 
istics. At first sight, the temperature dependencies in 
Fig. and |H1 are a little surprising. The behavior of the 
correlation length, £|| , suggests a first-order transition for 
all ps while the random-field amplitude, 02, suggests an 
increasingly gradual transition with increasing p$. For 
pure 10CB the pretransitional fluctuations are very weak 
and short range, Fig. ^ While the correlation lengths 
are short the liquid crystal is unlikely to be strongly per- 
turbed by the aerosil gel environment. The perturbation 
will only become effective when the correlation length 
grows to length scales comparable with the distance be- 
tween gel strands. Hence the correlation length grows 
quickly until the disorder becomes apparent. As ps in- 
creases and £|| decreases, the order parameter behavior 
changes from rising rapidly at low disorder to develop- 
ing gradually for high gel densities. The x values inset 
to Fig. are consistent with a gradual crossover from 
strongly first order to tricritical with increasing aerosil 
density. As shown in Table [I] the pseudotransition tem- 
perature, Tj A , varies little with ps for lOCB-aerosil. This 
suggests that local variations in ps are unlikely to lead 
to two-phase coexistence for this material. Hence the 
transition is not observed to be substantially smeared. 
The correlation length, £ = (^C^) 1 ' 3 , is characterizing 
short-range SmA domains within a predominantly SmA 
sample. 

Here we are interpreting our results as if two-phase 
coexistence over a range of temperatures were not an 
important issue. This is because of the discontinuous be- 
havior of £\\(T) at Tj A . By contrast, Bellini and cowork- 
ers ^3 interpreted their x-ray results on an lOCB-aerogel 
sample in terms of coexisting phases - indeed they ob- 
served coexistence via optical microscopy. The 10CB- 
aerogel sample they studied had $ ~ 0.79 and £ ~ 200 
A, roughly comparable with our highest aerosil sam- 
ple. The temperature dependence of the peak intensity 
and correlation lengths are similar. One important and 
unusual feature of a fluctuation driven first order transi- 
tion is that the disordered phase remains metastable at 
all temperatures [l3l l3^ | . It may well be the case that 
this leads to the observed coexistence. This phenomena 
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FIG. 7: A comparison of the cube root of the correlation 
volume, £, taken at low temperature for lOCB-aerosil (solid 
squares), 8CB-aerosil {Tfj (open circles) and 80CB-aerosil |2C|| 
(solid circles). The last two bulk materials have N-SmA tran- 
sitions. The solid lines represent simple power law depen- 
dences, which differ for the two transitions. 



is also true of the bulk material and it is unlikely to have 
given rise to the change in (T) with ps that we have 
presented. The ratio of the volume of individual ordered 
domains to the volume of the complete SmA region is 
roughly 1:125000 and hence it is no surprise that the re- 
maining I phase plays little role in determining £ and 
only a very small role in the temperature dependence of 
the intensity. 
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FIG. 8: A comparison of the variation of 0,2 /a\ versus ps 
for three liquid crystal-aerosil systems at low temperatures. 
The symbols are the same as Fig. □ The solid lines repre- 
sent power law fits to the data described in the text. The 
experimental scatter is obviously large. 
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The observed trend in x (Fig. |Bl together with previous 
results on other cyanobiphenyls [y, |2(J, suggests that 
the disorder introduces a systematic change in transi- 
tion properties. For 8CB-aerosil 0,|2^| and other N-SmA 
transitions the aerosils change the transition characteris- 
tics away from an anisotropic critical point and toward 
3D-XY behavior. The liquid crystal begins to behave as 
though the N order parameter is becoming increasingly 
saturated. Here lOCB-aerosil appears to move toward 
tricritical properties (x ~ 0.5) as aerosil is added. For 
the isotropic - nematic - smectic-A phase diagram this 
change is also equivalent to a shift toward the regime 
where the N phase is stable. For 8CB-aerosil and 10CB- 
aerosil the disorder has some effects which are equivalent 
to shortening the length of the molecule. 

Up to this point the response of the I-SmA transition 
to the aerosil gel is very similar to that of the N-SmA 
transition in aerosil gels pol |2^|. However, Figs. [7| and 
[H] show that there are systematic differences in the p$ 
dependence for £ and 02/ 'o\ associated with these two 
transitions. In the case of N-SmA, it was argued that 
ps, the mass of aerosil divided by the volume of liq- 
uid crys tal, corresponds to the variance of the random 
field [nlllij- The dependence of £ and 02/0-1 on the ran- 
dom field variance A has been determined by Aharony 
and Pytte EHH 

£ no A 3 ^ 3 (4) 



a 2 /<r 1 ~A d e- d (5) 

where de is the lower marginal dimensionality in the pres- 
ence of random fields. For transitions which break a 
continuous symmetry, random fields arc found to shift 
the lower marginal dimensionality to two higher dimen- 
sions. For experimentally achievable resolutions the N- 
SmA transition has 3D-XY characteristics, hence de = 4. 
This is in full agreement with results for 8CB-aerosil [To| 
and 80CB-aerosil [2(| as shown in Figs. and These 
log-log plots strongly suggest that di = 5 for 10CB- 
aerosil. Two-phase coexistence on the scale of the indi- 
vidual ordered domains is predicted to give rise to more 
abrupt domain walls than occur within an n > 2 single- 
phase sample [2^. By the Imry-Ma argument [2l| this 
would tend to reduce de below 4. This is the opposite 
trend to our observations. 

The observed dg — 5 appears consistent with the ab- 
sence of the orientationally ordered N phase. The for- 
mation of SmA order in 10CB gives rise to nematic or- 
der and hence the director is constrained to lie along 
the layer normal. Director fluctuations no longer in- 
fluence the range of smectic correlations. As a result 
the line shape has the form anticipated for the Landau- 
Peierls instability Eq.J2J albeit with finite-range order. 
This is consistent with the use of Eq. (J2J as the thermal 
structure factor for Eq. © and its square as the random- 



field term. The lower marginal dimensionality is gen- 
eral for a transition from a uniform phase to one with 
translational order in a single direction. Golubovic and 
Kulic [3(j have made a theoretical analysis of a similar 
random-field problem. They studied a system with a 
continuous set of energy minima in q-space, having the 
form of a ring as opposed to the s phe re for the I-SmA 
transition. Following Imry and Ma |21| they determined 
the dimensionalities for which the correlation function 
for transverse fluctuations of the order parameter would 
diverge. The lower marginal dimensionality depends on 
how the inverse susceptibility varies with the wave vec- 
tor. For the XY model the inverse susceptibility varies 
quadratically with the wave vector components [21| . For 
a ring of energy minima the inverse susceptibility varies 
quartically with one of the wave vector components and 
quadratically with the others j3|| . For a sphere of energy 
minima the inverse susceptibility varies quartically with 
two of the components and quadratically with the oth- 
ers. For d < dg the correlation function in the presence 
of quenched random fields diverges and in these cases 
d e = 4, 4.5, 5 respectively HHl. 

The series of studies on 8CB-aerosil [1 G3 El EH, 
80CB- aerosil [2(| and lOCB-aerosil samples provide a de- 
tailed picture of the effect of quenched random fields on 
the formation of the SmA phase. The first two examples 
relate to the case where an orientationally ordered (N) 
phase intervenes between the I and the SmA while the 
results presented here relate to the direct transition from 
I to SmA. The interaction between nematic fluctuations 
away from the smectic layer normal and the SmA order 
results in transverse smectic correlations which die out 
with qj 2 . Our results suggest that, at the I-SmA transi- 
tion, the molecules are constrained to be perpendicular 
to the layers and hence the SmA correlations die out with 
gj 4 . There is a concomitant change in the lower marginal 
dimensionality. We have presented high resolution x-ray 
diffraction results for lOCB-aerosil samples with a range 
of gel densities. We have shown that an aerosil gel per- 
turbs the I-SmA transition as though it were a random 
field pinning the phase of the density wave. The transi- 
tion remains first order for all gel densities studied while 
the line shape and correlation length evolve systemati- 
cally. The line shape analysis reveals reasonable agree- 
ment with a Landau-Peierls system with quenched ran- 
dom fields. It would be of very great interest to study 
the effect of aerosils at the tricritical point close to the 
boundary between N-SmA and I-SmA regimes. 
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